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These papers have been submitted f o r  publication i n  "Radioscience" 

and i n  the "Australian Journal of Phys ics" , respectively. 

A formal report  covering a l l  aspects of OUT work under t h i s  grant 

will be submitted at t h e  end of the  grant year. 
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As radio astronomers plan instrumerits of ever increasing 

resolution they are, i n  some cases, apprmhing the m a x i m u m  possible 

resolution imposed by coronal scattering from the v i c in i ty  of 

the  ea r th ' s  orbit. Coronal scat ter ing has beezz studied since 1932 

and the results have been recently summarized by Hewish and 
~- 
' 4 '  ; Wyndham (1963), and Erickson (1964). Coronal scat ter ing i s  multiple 

small angle scat ter ing which spreads or iginal ly  pa ra l l e l  rays 

in to  a gaussian d is t r ibu t ion  of angles given by exp (- go) . Thus, 
the fietails  of a brightness dis t r ibut ion whose angular width i s  

smaller than Cp, should be eradicated. 

Previous observations of t h i s  scat ter ing h v e  been made 

beyond 50 R (Slee, 1961). Interplanetary sc iEt i l la t ions  which 

a r e  another manifestation of t h i s  phenomena have been observed t o  

about 180 RG (Hewish, Scott, Wills., ~ 9 6 L i .  
that there  i s  no sharp t r ans i t i on  i n  the  coroza near the ear th ' s  

o rb i t  (215 R ), and s o  w e  may expect the scat ter ing t o  continue 

w e l l  beyond the orb i t  of the earth. 

0 

Al l .  evidence indicates  

3 

It has a l s o  been shown t h a t  the Scattering scales accurately 

as k2 for 2 m < X < 1 2  m (Hewish, 1935; Erickson, 1964). 
the  frequency approaches the  loca l  plasma freqJency i n  the v i c in i ty  

of the ear th ' s  o rb i t  (A, - l$ m )  w e  should expect tht the  sca t t e r -  
ing w i l l  contince t o  scale proportional t o  h 

parameter which might a f f e c t  the s d k i  i s  the average dimension 

of t he  coronal i r regular i t ies .  This dimerzsion is  estimated t o  be a t  l e a s t  

Unti l  

2 The o n l j  other 

5 x lo4 m a t  90 Ra ( ~ ~ ~ : s ~ :  I i y  d?l.aic, 1.9t,3)e The i r r egu la r i t i e s  
should be a t  least a factor  oftwolarger a t  213 % e 
scal ing the scat ter ing t o  a wavelergth of a t  l e a s t  1000 m should 

y ie ld  r e l i ab le  results. 

Therefore, 

The previous results a re  a l l  reasonably compatible w i t h  the  
formula (Erickson, 1964) : 



h2 
(Po = 50 - 

R" 

. where cpo i s  i n  minutes of arc, h i s  the wavelength i n  meters, and 
R is  the minimum distance of the ray path from the sun i n  Ru  

This formula neglects the f ac t  t ha t  the scat ter ing is  anisotropic 
by a fac tor  of about two, and t h a t  the scat ter ing apparently 

var ies  with solar  a c t i v i t y  by a s i m i l a r  factor.  

believed t o  be caused by a magnetically aligned filamentary 

i r r egu la r i t i e s ,  and w e  should a l s o  expect t o  observe somewhat greater  
scat ter ing when making observations nearly pa ra l l e l  t o  the  cor- 

onal magnetic f ie ld .  
when making observations i n  directions away from the e c l i p t i c  plane 

( Slee, 1961). 

. 

The scat ter ing is  

The scat ter ing may a l so  be a fac tor  of two less 

With these qualifications,  the formula given above should yield 
a reasonable estimate of the  scat ter ing along ray paths within 90" 

of the earth-sun l i ne ,  
one can eas i ly  shaw tha t  

For observations perpendicular t o  t h i s  l i n e  

N h2 cp, (Quadrature) = 23 

and f o r  observations i n  the  ant i -solar  direct ion 

N h2 7-m2 Q (Opposition) = 12.5 

The folluwing table  summarizes the order of magnitude of 
these effects :  

h - 
3 m  

10 m 

30 m 
100 m 

300 m 

1000 m 

cpo (Opposition) 

0" .14 
ii1 .6 

21.7 

4" .5 

14". 

24'. 

4300 k m  

1300 km 

130 km 

43 km 
13 km 

430 km 



I ’  

This table gives a reasonably optimistic estimate of the 
resolution obtainable i n  the anti-solar direction. For observations 

i n  other direct ions o r  near so l a r  max imumwe might expect 2 t o  10 

timesthis amount of scattering. 

From the  above table it i s  obvious that coronal sca t te r ing  

opposes no prac t ica l  l i m i t  on the  resolut ion obtainable a t  meter 

and decimeter wavelengths. Hawever, this scat ter ing w i l l  severely 

l i m i t  the resolution obtainable a t  long wavelengths from space 

vehicle6 above the ionosphere. 

This work was supported by the National Aeronautics and Space 
Administrat ion under grant NSG-613. 
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ABSTRACT 

A survey of the galactic plane anieoion at 408 Mc/a. has 

been carried out'betwcen 1'' = 280° and 355', using the 

C.B.I.R.0. 210 ft. tclcecoge which hka a beamwidth of 47.5' aro  

at th ir  frequency, 

f t  is found that an abrupt increase i n  the tmission which 

occum near 1" - 
latitude, ha0 o non-thennal rpectnrm. 

radiated power i r  mido, and it i r  suggested that th i s  feature 

may be related tdtthe expanding erm of neutral hydrogen whose 

exlotence h a m  bcem demonstrate8 by E-line rtudlas. 

326' and extendr over oe-veral. degrees of 

An estimate of the toted 



A SOUTKERH MILKY WAY SURVEY AT 408 Mc/a. 

I INTRODUCTION 

Before 1962, only tve eurvey~rr with pencil beam resolution better 

than 1' ha8 been made of the galaotio plans radio emission in the;-.#egion 

south of the centre. These were the 85 Mc/s. and 1440 Ma/s. survey@ of 

Hill, Slee and Mille (1958) and Mathweon, Hedey and Rome (1962) 

repcctlvcly. By contraat, the region north of the centre had been studiecr 

(Weaterhout (1958) ) a d  2700 Mc/s, sid (Altebhoff, Meager, Wendker and 

Weetcrhout (1960) 

It was derirabls to have at leart one a w a y  of the southern region 

at  an intermediate frequency, both to  provide aaditional spectral data 

about the diocrate oource8, and t o  test Bhe conclusione Brawn by Mathewson, 

Healey and Rome (1962) about the large-scale dletribution of the thermal 

and non-themml radiat 5.011 aomponent 8 e 

The present obaewations rt 408 Ma/8. ware made w i t h  the 210 ft. 

telescope of the Atlstrallan National Radio Astronomy Observatory, which 

at  th i s  frequenay has a beamwidth of about 48' arc, very similar to the 

resolution of the  earlier surveys. 

elmultaneouely with hlgher rmeolution (14 * of a r c )  observations at  1390 Mc/a. , 

The 408 Mo/s. otualee were carkied out 

282' 356' 



The preeant data generally confirm t h e  spec t ra l  claseificetioncbf 

diocrete BOUTQBB previously made by Matheweon at, a. (1962) though in 

one or  two caear there  i a  evidence of rmotral u w a t u r o  which warrants 

, 

. 

further Investigation. 

An interest ing reault ooncornr a n8tep" in  t h e  brightness 

3260, temperature contoure near 1" - The 408 Mc/s. observatione show 

tha t  this contain8 two camponentr, 

MethW6On et .  al. has a vldth in l a t i t ude  of only lo- 2'. and a the& 

epectrum, 

"'atep" north of the g d a c t l c  centre, f i r a t  dcsaribcd by Westerhout, (1958) 

The first,  which warn diecovered by 

I t a  longitude i r  synunetrlcal with t h a t  of a similar t h e m a l  

and a t t r ibu ted  by him to a ring or disk of ionitad hydrogen concentric 

with the G a l a x y .  

The second component, which oauurs at the  same longitude, has a 

non-thermal epectrum and extends mer a t  least about + - 5O in l a t i tude .  

The coincidenaa i n  longitude and the  fact t h a t  t he  non-thermal s tep  

repreeants more than 20$ of t h e  total gelaat lo  brightness suggest8 t h a t  

it k e a ~ i e  a large-acale galactio ferture, $n sxamfnation of radio 

surveyo north of tho gelaotio otntre indicates that t h e  otep 61) the 

symmetrical longitude also oontainr a n o n - t h e m  cauponent, although a 

coneiderably weaker one, 

It iu rhown that the whole feature may be explained as synchrotrcn 

f i e l d  which is concentric with the galaxy, Section V I 1  of this paper 

disciisrsee Q possible connection with t h o  expanding arm of neutral  hydrogen 

di8COVered by Rougoor and Oort (1960). It ie e h o n  that the power outflows 

from the tw features a r e  of comparable magnitude, and t h i s  euggeots thtLt 

they q draw t h e i r  energy from a cormon sources 
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LI EQUIPMENT 

The obeervationo extended over three perlob of one t o  two 

weeb in 1962. 

was a double-aideband cryatel  mlxer  w t t h  8 btndwith of 8 MC/B.) 

and wao eleatronlcrlly switahed between the feed dlpolea and a low 

temperature reference load. 

parallel dipole@ and milsotor. 

?mer warn meloured en 47.5 are, 

The receiver, grevtoualy dercrlbed by Mackey, (1964) 

The feeds aonrirted of I pair of 

The aerial beamwidth t o  half 
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ZXI OBSERVING PRWEDUR& AMD DATA RDuerXON 

&cause the rurvey wa0 otrongly TeBOlUtiOn-limitt2d and i n  order 

to minlmize non-linearity e m o t e  due t o  the wide range of aerial 

temperatures, the reoelver sens i t iv i ty  uno reducaU, the minimum 

detectable flux being between !3 x 10 -26 end 10 x WmC2(c/o)-’. 

The obsocving procedure wa8 8atem~nod by the 13% &/e. survey. 

Declinatton acme between b - $ 6’ were made wing 8 telescope drive 

rate of 2.5’/ min., the right aaceneian interval between a a w  being 

1/4 to 1/3 of the 1390 Mc/s. beamwidth (14’ arc). 

coneidsrable redunbaaoy at  408 Mc/e, An example of such a ucan, et 

R.A. - 14h 4 P  00”# i o  shown in fig, 1. The markers apgearing on 

thio record are at declination lntervallr 04 10’ -0. 

Thio produaed CL 

Hydra A woo w e d  89 a atantlard of flux density. It8 408 k/6. 

f l u  deneity W 8 6  bakes t o  be 137 X w ~ - 2 ( C / S ) - 1 ( & ~ ~ p l r r n n  1.964). 

The increment of ”full beam brightneso terrqgerature” (Bee Seeger, Wseteriioiit 

and Vender HuZet (1956) ) oorrespandlng to Hydra A i e  124O K. 

A l l  temperatures were meaaurad relative to the South Celerrtial POL. 

To this end two procedure6 were adopted. 

Two series Of long seana were W e  through the region t o  be 

~urveyed, one north and one oouth of the galsetlo equator and 

a few degxeee away from it where %he gradtents are Bmrrll. 

Immediately before and after eaoh scan the aerial was pointed e.; 

the South Celeetial Pole to establish the baeelins. 

The aerial w 1 ) ~  ala0 pointed at the Pole B number of times Gurir, 

each nighto obearvatlono. 



- 3  - 

"barn liner" for tha rurvay ocan~.  

then half a eontour Interval. 

fn general &hers agreed to  better 

In conatructing the taophotatr the aontour interval chosen waa 

L3 K aerial temperature, a8 detrrmina4 iron noise lamp calibrations. 

Thio ie equivalent t o  34.7% "fUY beam brI&hhcas temperature." 

0 

For each night;*r obrervstionr a rclile wcuo aonetruoted conslating 

of parallel liner drawn os1 transparent pager, the ltgacing being equal 

to the Beflewtion eorreepondlng t o  one aontour lntenral, with 

allowance made for rrtoeiwr mn-linearltleo. The male w ~ 8  LaiU over 

the record of eeuh scan I n  turn, Lnb the declination waa noted of eech 

contour L e v e l  a8 meaeured above the prsviouslg-determined baee line, 

Theee deckinations were corseoted for the two-eecond receiver tlme 

c:onetant and the eeenning rate of 2.3°/mlne 

corrected dealbationo were then aonverteh ~81% an 1.B.M. 7090 

The rl@ab auoenaionr and 

computer, t o  New Galactic Coordinates, and fran the resultmt data the 

isophote6 were Ur$twn. These are rhuwn In Big. 2. 

. 
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IV: THE DIBCRETE SOURCES 

8 )  TIIE 60URCE Lf8T 

Table I lieta the 49 source8 which were observed; of these 39 

have been catalogued by previoue ob8ervero. A source waa uonsldered 

to exiat If a deflection appeared on at l east  t w o  awacent scans with 

Q half power width not greater than Q aerial beamwidtho. 

believed that for the majority of aource8 the quoted poeitions are 

It is  
r' 

accurate to within  + 6v arc in ea@ eoordlnate. Confusion was the - 
major aource of poaitlon erroru 

Angular sites were not estimatetl, since resolution effacts and 

residual receiver non-lineariticr aould make ouah estimates quite 

mieleading. 

densitiea designeted by S'408 (in 10'26wm'2( c/o )-l). and repreeent 

Thus the figures quoted In  column 6 w e  "peak" flux 

lower limits to the true Nux densities. 

Columni 7 sn8 8 also contain "peab" flux doneitlee for 85 Ma/s. 

and 1440 MC/S. The 85 Mc/r. data are quoted directly frcnn the ~ 1 1 ~  

$lee and Hill (1958, 1960, 1961). Qatdogue, 'while the 1440 Mo/oc &it& 

arcs derived by multiplying the oalUd(of AT++Qiw t o  Mathewon Ilealy 

csnd Rome (1962) by 15.3. 

-- - 

d 

and 1.1 respeatively in order t o  bring the flux rcales at 85 and 1440 

W e .  into agreement with that of Conway Xellarman and Long (1963). 

was done for the eaks of uniformity, rime the 408 Mc/s.- saale was based 

on C.K.L.  

This 

COlUmnS ll, 12 and 13 of Table 1. aontain source catalogue numbers 

used by MU#, 81.8 and H i l l ,  Matheweon, Healey,and Rome, aad Wilson and 

Bolt on ( 1960 ) 
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The mourcea are clsrseU a8 therm81 or non-thermal I n  oolumn 14, 

according t o  their rpec t ra l  lndiccm, and rrolumn repeat@ identifi- 

cations previously mde by Mnthewron Heoley snd Rome anb in the aam 

of aourae 26, by M i l l e  81ee and H i l l .  The sbbreviotlonr wed In 

Column 13 are: RCW - Rodger@ Campbell md Whitsoak (1960) 

G - GUM (19%) 

RBW - Bok, Bestcr and Wade (lS5) 

ICC - New General Catalogue (Dreyer 193) 

b) ACCURACY OF FLUX DENSITIES AHD SPECTRAL UVDICIES 

The accuracy with which the d u e  of sidg could be estimated 

wam limited mainly by base line uncertaintlea. For the majority of 

exceed8 30 flux unit8 It l a  believed that the error 
J;&i$ 

cases where 

i n  the quoted value does not exceed about 

G ,  18, 22, 24, 28, 31, 38 and 39 are rituted i n  highly coniuPed regions 

LO$. However, BOuraes l , T ,  

arid for  these  the errore  m y  be great&. A e ~ m i n g  that the errors In 

the other ourveye ale0 do not usually exceed @, the  valueo of q,i$4-4-t7z 
''% the  "t!&mg" sourcem (except thoee mentioned) are not 

in error by more than about 0.23. 

c )  SPECTRAL CURVATURE 

. The only 80urcen therefore, which ohow an apparently rignlflcsnt 

and '~anomalowr" spec t ra l  curvature are 4 end 46. 

for 4 3.6 fairly Indefinite and may have led t o  an unexpectedly large 

The "background level" 

* error. However, th is  doer not aeem t o  be so i n  the cam of 46, which is 

quite  strong at  ell three fisquenciao, but a more oareful investigation is 

required to determine If the spec t r a l  ourvature il~ genuine, 

deme foreground HTI region would be required if  the e f f e c t  is due t o  

thermal eborgtion. 

An exceedingly 
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Two other in te res t ing  BOU~CBS are 38 on4 39. I n  nei ther  case is L ~ L '  

408 Mo/e, flux density estimate considered very relisble, but since 38 

doe8 not appear a t  85 Ma/%, It hao been olaa,el f led 88 thermal. 

It l e  the only thermal eourcc of ouch hi& flux denoity not ident i f ied 

with an optical obJect (unleee It l e  part of R.C.W. 108, whose 

Xowave;, 

pos1tic;a. 

I1 however, l e  given a8 1" I 336.5, b - -1.33 
Matheweon et.al. ham c d e n t e d  on 39, which, although it seem8 'GO 

ham a t h e m 1  spectrum, (between 1 4 4 0  and 89 Mc/s. ) l e  seen In emissib A 

at 85 &iC/S. against  a background temperature greater  than 13,000 K. 11: 

i L  is an HI1 region w i t h  electron temperature of lo4 OK, and if the non- 

thermal emiseivity of the galaxy io roughly unifor&&y dletr ibuted along 

0 

the l i n e  of eight,  the distance of the  aource m u s t  be at least about 

4 kpc. 

Weeterhout (1964), ita flux l e  exceedingly large - -0--  moretthan ten tims 

In  t n a t  coe, according t o  the argument wed by Komeearoff and 

greater then that from an HIx region exalted by an a star.  

TEE DISTRIBUTION WITH GALACTIC LATITUDE d) 

Fig.g(a) ehme t he  number of eour~es  clsaeified BB thermal in Table I, 
t 

11 . which 119 in each half degree interval of b 

hietogram i e  for 1'5 298'. 

l e  been t o  have a sharply peaked dio$Qubhtion, fa l l ing  by a factor of about 

2 with in  to of the plane. 

The shaded part of the 

For these longitudec the oourue number density 

Taking In to  account that aonfueion probably prevents our "seeing" 

80uTC08 beyond a few kpc., t h l o  meane that the maJorlty of those t h e m 1  

pIource8 lie within lees than 90 pa. of the  plene. 
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I5 For 1 < H0, (unahaded part of histogram) the t h e m l  source8 

are gonerraUy wry lntenee and all lie roubh of  tho plaae, Most of 

them evidentu form part of o "~OCBLL'~  feature. 

(ti) THE NON-THERMAL SOURCES8 

Fig.3(b) i~ a eimllsr histogram for the sources claseified as 

non-thermal. 

sources with 408 Bic/e. flux deneitieo greater than 20 x 10 

(c/a)-'. 

Gardner and Mackey (1364) ha8 ohown that i n  high @iLaatic latitudee, 

where pre8umabl.y almost all aouruea are extra galactic, the number 

deneity corresponding to flux demitlee lea8 than thir l i m i t  and seacer  

than 3 f.v. ie about 0.03. per eqwre  degree. 

20 t o  30 extra-&ctic OourceI of between 5 and 20 f.;; within the 430 

square degreee of our survey. 

In thie CCLBI the shaded part of the histogram represents 
-26 m-2 

This separation h a  been made became the ipurvey of Eolton, 

u. 
We, therezgre, expect 

¶I 

Because of the smaller number of sources, the interval of Zatituce 

l e  1 for fig. 3 (b) as compared with 4' for f ig .  3 (a), 

it l e  clear an comparing; the tvo figures that the non-thermal Bources 

are more widely diepemcd ID lat i tude than the thermal. 

continuum distribution i o  similarly broader than the thermal, though of 

0 
nevertheless, 

The aon-themal 

course both amtinuurn dietrlbutionr are very much broader than either 

8ourae dlatrlbutlon, Large et.61. (196l) haw obtained the aame result 

for the region north of the galactic centre. 
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V TXE " COIVTINUUM" RADIATION 

(a) THE NOH-THERMAL STEP BEAR 1'' = 3;5O 

A etriking feature of the 4OG Wcje. ieophoteo iro the abrupt llgcreaee 

of brightnesr at a l l  latitudes near 1'' - 325'. 
at which Matheweon, Healey and Rane (1962) have noted en increase In  the 

thermal component of galacfia radiation, symmetrical in longitude with a 

aimllar bareme obeerved by Weeterhout (1958) north of the galactio centre. 

Th3.e l e  the longitude 

However, Weeterhout h a m  ehaun that the thermal emiselon extend8 over only 

about 1.g' of latitude, whereas the 4@$ Mc/o. step extende over nearly the 

full rpnge of latitude6 covered by our eurvey. 

A similar feature, a l e 0  extended In latitude, appearo at 85 Mc/er., &si 

shown by the observationo of Hill, n e e  and Mills (lss). 
determine its spectral Index by amparing the two surveys we need to 

estimate the brightneea temperature correeponding to the zero contour of 

the 408 Mc/s. survey. 

tem2eraturee ot 4& Ma/s. from the 

on the asniutqtion that the BpeatraI index ie -0.4. (~oumsarori (1961) ). 

The calculation hos been carried out f#? every 5' of longitude end the 

results averaged, yielding a mean "baee-line" brightnees temperature of 

16' 2 3' K, with, however an apparent variation with longitude, which 

could be the result of upeatral changes. 

a~ large BB the mean value (Le. 16 pf) but as the temperature8 we 

will be dealing with in the subrequent argument are generally greater tt,,, 

100° K, thia w i l l  not effect  the validity of our conclusions. 

In order to 

This has been done by calculating the "expected" 

MC/S. temperature in latitudes 4.O 
.u 

The variation mery in plsces be 
0 

Tabla, xf lists "lower envelops brightneso temperatures" on each siuC - 3a0 far b" - + 8, 0' an8 -2O, for  both 40s Mc/c. If of the etep near 1 

and 85 Mc/e. eta w e l l  am the temperature ratio&s; in addition it Gives 



srgwlssnt, whiab ie baaed mainly on the 85 M/a. an8 whSch makes 

no aimumptlona a b u t  the ea~rentidlly unoboervable Bp4bctTdL Index 63.0% 

the galactic equator shave that for thie latitude -0, there $0 8 very 

oubstmtfaf. n o n - t k r m l  tnorease near 1 .I 2 ~ 2  . = X I F O  

Weeterbut (196) hras shown that for a medium which emits non-themL 

radiation and also contains Ionised hydrogen, R go& a2proxiP;ation to 

the rcuult5ng brightneaa temperature for the f'requencies we are interests6 

PT 
In 16 given by 

Kern T is the non-thermel brightneoa tercgeratwre which would be observcc 

Ln the absence of rbaomtion end 
n 

io the optical depth of the lonlzed 

K. 4 0  hydrogen, the eleatron tempratwe oi which Ze assumed to be 10 
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c) 

On the other hand, for 1''~ 330°, the value of Tb (85)  eaarely 

fells below 14,~'SC and in only one-regton, extenUed over %e66 than 

0.5' i n  lox i tude ,  does 1t 

13,000°iC a5 the ''lower envelope" value of Tb (85) we can oeQ a lower 

limit t o  Tn (85) in this region, To do thllp we refer to the result& 

of Mathewson, Qea3.y and Roane. 

not exoeed 17.4 15 except on discrete Bources. 

0 as lar as 13,000 K. If we accept 

There shaw the value of Tb (1440) does 
I 

b Clearly the t h e d  

Yt be less 
ccmponent elone of brightness temperature at  1440 &/e, 

than thia,  srnd thle l e a b  to etn upper limit of 0.7 fory(85) .  From 

equation (1) we can then ohat, wing l3,O0O0K QB the "lower envelope" 

value Of T~( 6) that ~ ~ ( 8 5 )  is greater than U,OOO*K. 
0 Thus between 1" u 3 s  and 330°, Tn (83) lncrearjrerr from lest? 

than Booo°K to more than l l , W o X ,  or by more than 20$, Aaeuming a 

nan-thermal speatral index of 4.6, the C O Z - I X E ~ O ~ ~ ~ ~  inarease at 

UB M ~ / P .  is greater than 34' K. me variations of ~~(408) at 

bl' = 3.2 suggest, however, that thie  l o  OL very conservative lower 

l i init .  

0 

(b) m-- 3 0 STEP NEAR 1'". = 34 

Coneiderlng the magnitude of the aon-thermal otep and its coincidence 

in longitude with the thermal step, %% seem8 that we are dealislp; with a 

large-scale feature of the galaxy. 

of the galactle centre? 

SP there B corresponding feature north 

Fig. (4) l e  a compodta d i a g m ,  u8iW data f r o m  the present a W e y  

and otherr,j$wing the variation of br ia tness  temperature with longitude f ~ ,  

che three l a t l t u l e a  we have been diecusam an8 for a number of frequencies. 

The brightnee, temperature scale is Logarithmic an8 the heighta of the 

~ c s l e s  for the various frequenciiee have been aejusted t o  bring the profiles 
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-0 into approximate aoiahicienca. 

aQustmento of the 408 Ma/s.scale relative to 85 Malar. are 

For bl* = i Zo, CP Bad -z , the 

equivalent to multiplying the 408 Mc/s. temperature by the factors 

h9, 48 and 45, corraepondlng t o  spectral indlaes of -0.48, -0.46, 

-0.42 respectively. 

The step n w r  1 le obvious at 631 t-mae longitudes, = 325' 
I1 

0 but its spectrum I s  clearly rhtter at  bX1= O'than for bIX = + 2 . - 
0 Near 1" = 34 there is also I, step in the contours, but for 

bfl - Oo t h i s  only appears at the higher frequencies. (It was from 

this high frequency increase that Westerhout deduced the sudden 

enhancement i n  the thermal component of emission). 

hand at bxl = + 2 

On the other 

0 t h e  step appears at both 408 Mc/s. and 85 hfc/s. - 
and t h e  appearance of the profile6 ouggeets the spectrum of the 

increase i e  non-thermal. Bowever, the magnitude of the  increase i b  

clearly lese  than for lX* 

complicated by the fact that Tb rieeo between 35' a d  30°then falL 

323' and the picture I s  slightly 

very slightly and r i m s  again toward the galactic centre. 

Table I11 lists values of Tb(408) and Tb(85) at 1" 30' and 

33' derived by interpolating between the isophotes of the Large 

E:athewson and Haslam and H i l J . ,  Slee and MU8 8UIrVbys. Tbe values 

and aoresbnding values of the spectral index 

are almo @van. These indic8tobrthat for bI1 = + 2' the s tep  has - 
a non-thermal spectrum. It i e  reaaonable t o  suppose that the 

MdS UB 
non-thermal etep extend8 through bfX= Oo also, but l o  &ere 

by the thermal step. 



. 

The s p e t r y i @  the longitudes of the stope strongly suggeets 

that the non-tbemml emitting region, l ike  the therxaal, is radially 

symmetrical about the galactic oentre.lIi the aniseion i a  isotropic 

and confined to s &b-cylIndrical  shell, the reeultlng 3ki&tness 
Cb, ,'q 

temperature ehould be greateet where the line of sight is tangential 

to the she=, t ha t  isZfhe dietributlon~should be " lim'D-brightened" 

If, on the other hand, isotropic emission occwa wishin a disrk-like 

structure, the brightnees temperature will increase smoothly to a 

maximum near longitude zero, 

observed distribution o h m  i n  fig@,' q ( a )  and 4(b) 

1" - 310° and 325'. Tb remains substantially constant. A t  111= 

325*, Tb riees abruptly to a rnsximUm and then remains alose to that 

level  between 1" .I 330' and.360'. 

In feat, neither model ffts the 

Between 
z * 

0 Beyon& 360 the distribution i sn  

pore complicated and shows 80me evidence of llmb-brightening near 

111 = 30'. 

We can, however, f i t  the observations i f  we take into account 

For the case of the non-ieotrogie nature of synchrotron radiation. 

a uniform mgnetic? f i e l d  and an amnbly of emitting eleatrons having 

an energy rapectral'Qldrln ofz and an irotropic velocity distribution, 
L 

with the magnetic field. The radio frequency spectral l n d e x d  t s  

related tea* b;r 
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Fig, 5 represent8 a t h i n  cyl indrice l  oheil  of emission viewed edge- 

on. The magnetla field i a  a6eumed t o  be everywhere tangent ia l  to the 

rshell. For ouch a model It l e  easi ly  sham that for (ul observer at 0, 

OP 

Fig.  6 ohare the variation of brightneso temperature with longitude 

1 f o r  a shell whose radius  subtendo en angle of 35' a t  the observer. The 

c ;nximum brlghtnese temperature due t o  the  shell is assumed t o  be 103OK 

and the s h e l l  is euperimposed on a uniform background of 1;loOK. The 

full curve wao computed for 

The croeeea indicate observed value of T 

Clearly both models predict  greater rounding of the  shoulder of the 

= -0.3 and the dashed curve f o r  = -0.6. 
z 

408) from the present aurvey.+fO~ 
~ M L P  t h e  S q u a r e s  0 ~ S Q P J ~  d v & f u p s  +or b Z = - l G .  

=j2 

curve than is actual ly  observed. Good agreement coQd be eecirred i f  

w e  let o(= 0 but t h io  confl ic ts  w i t h  our previoua measurements. 

Increasing the aosumsd thlckneoo o f  the shel l  would only Increase the  

disagreement I 

However, good agreement between prediction and observation would 

be achieved if we relaxed the eorumed condition that the magnetia f i e l d  

its everywhere s t r i c t l y  tangent ia l  $0 the  ehell. If lnnrtead the magnetic 

f ie ld  showa randour fluctuationcl about 'this preferred direction, the 

degree of beaming isi  reduced, and t h i s  baa a eimilar e f fec t  t o  reducing 

the value of w. 
qu i t e  small fluatuation have a marked e f f ec t  on the observed brightness 

/dl 
Hanburmsram and Hazerd (1960) have shown that 

dlstributiofi .  
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One could explain the difference between the region for which 1. IS< 

360' and that for which l1536Oo by aosuming that beyond 1% 10' 

the nucrtuatione I n  magnetic field direction lncreare. This would 

explain the generally lower velueo of T,, and also the suggestion of 

" limb brighteninb' near ln= SO0. 
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VI: TH6 BAND OF POLARIZED RADIATION 

Mathewson and Milne (1964) have shwn that at 408 Mc/B., more 

than of the polarized radiation from the  galaxy falls within a 

qair3.y narrow band approximately perpendicular to the galact io  plane 

They attribute t h i s  effect to  the beanin@( of aynahrotron radiat ion 

gsrpendiculer t o  the magnetic? field of the local s p i r a l  am. 

$6 the  band of polarized emhalon ie approximately 50' wide 

snd Intersects  the 

must coincfde with 

0 galactic! equator near 1" - 350 one edge of It 

the.non-tharma1 step on the southern s'lds of the 

ga lac t ic  centre, and preembly contributee t o  it. 

are two Indications that the total aontrlbution is small, 

However, there 

Pirat ,  the observsrtlona Of Perullny-Toth and Shakeshaft (1962 1 
at 404 MC/&, show that i n  the vicinity of the anti-centre the step 

In the brightneee contours correepondtng t o  the polarized band is only 

1OoK, or an order of mmgnltude lese than the step we find near 

3 s 0 .  

Seconcily, the contribution due t o  the\ polarized band vanishes near 

l5', but the 408 Mc/o. ioaghotss of large Mathewson end Haalem (1961 ) 

at bf' = + 2'. 

are quite  smooth to within lese than 2' of the galac t ic  plane near this  

longitude. 
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V f X  A POSSXBTJE ENERGY SOUFGE FOR !l!€IE NON-THERMAL FTUTURE 

It ha8 been shown that the enhnncea non-thermal radiation extends 

Taking the  s u n u s  dletmce -om the  ga lac t io  . 

The 2l-cm 

over 

centre 8s 10 kpo, t h io  correspond8 t o  a radiurs of 5.7 kpc, 

observatlona of Oort and Rougoor (1960) have demonstrated an 

outwardly-epending r ing of neutral  hydrogen a t  a somewhat smaller 

35' of longitude. 

distance from the  centre. 

the  energy oource for the 

Table XI showa that 

One i e  tempted t o  epeculata t ha t  th is  my be 

continuum feature. 

near 1" - 323' "d for bTf - 2' the 408 Mc/B. 
Is 

non-thermal brightness temperature .increase between 75' IC and 100°K. 

l*' - 30°md for the, 0brlp~ latltudee the, increase I s  smaller but probably 

Near 
4 

between 20°K and 4OoL For bfs = O', the  non-themal component of the 

increase l a  mom d m  t o  e e t h a t e ,  but it has been shown that for 
A i f i t i  uJf 

p N 0 - 35' t h io  cannot be lese than 34 K, 

L1' = 323' the step continues out t o  about b 

amplitude of a t  l e a s t  about 3OoK. 

rig. (2) shows that near 

= f 5 with an SI 0 

The L.M.H. isophotes show t h a t  near 

Thus we can a e t  8 fairly coneervative lower l i m i t  bo the t o t a l  

power radiated by conaidering a cyl indr ica l  surface havtng a uniform 

Mc/s. brlghtnese temperature of 30' Iz, extending over f 35' in 

lon&tude and %bo In la t i tude ,  correapondlng t o  8 radius of 5.7 kpc 

and a wfdth of 1.4 kpc. 
4 parer radiated between 0 and 10 Mc/o. is about 2 x lo3* watts. 

spectrum extends t o  l i g h t  wavelernglha (say SO00 A'), t h i s  m u s t  be 

inoreased by a factor of about 80. 

Assuming that the epecbal  index is -0.6, the t o t a l  

If the 



Now, according t o  Oort (1963), the t o t a l  1 0 ~ ~ ~ s  of &a8 streaming out 

f rom the galactic centre in one year i o  equivalent t o  &ne solar mass and 

the velocity I s  about 30 ka/eea. Thie corresponae to an outwerd f'low 

of kinetic energy of 2.5 x 

which 1s only 40 Bimeo larger than twe~ lower l i m i t  on the power 

radiation from the non-thermal "ring". 

/ 

31 joulesl per year or 8 x 10 watts. 
0 U P  

e x p  Isq&on 
of the non-thermal feature In *c Thus It seem t ha t  an 

terrma of 8 conversion of expaneion kinetic energy ic to  synchrotron 

radiation i s  ruled out, 88 this  would require an exceedingly efficient 

conversion procemh 

e%psnding a m  and the continuum feature may dr8w their e n e r u  from a 

-common ~ource.  

However, the foregoiq does suggeet that the 

/ 

V xn Section V(a) it was ehow'n that  the obsrcrved charaateriotics 

of the aontinuum f@ature can be explained as e>nchrotron r a d i a t i O A  from 

a thin cylindrical shell containing un approximately tangential magnetic 

f i e l d .  If now it I s  aseumed that the radiating electrons, like the 

neutral hydrogen originate In a souroe near the galactic centre, whence 

they a m  limftted radially outward, tm ePfeaLs w t U  occur when they 
th ree  

reeah the "tangential field" regioll, 

(1) the electron8 w i l l  begin t o  gyrate and emit synchrotron 

radiation. 

(2) As a meult  of t h e  ccaverelon of translational momentum into 

rotatfonal, the electron6 w i l l  accunulate at  this distance, 
4 X . e  I C&irov, 

(3) me rate of guioionex-n wu irmrea~e, leadbg t u  
A 

Increased t h e d  emiselon. @2/3 (&la Qd 
ThUe the  main observational featurtPs would be qualitatively e3QSEdd 

fl 

The valid P by of our 88~1~m)tlon that relativietic electrons and neutral 

hydrogen Originate In a c w  source could berha-ps be tasted by a detailed 

oompar8son of aontinuum and 21. cm data. 
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Fig. (4)  Variation of brightness temperature w i t h  ‘8 far 
three valuer of bxz and for ~1 number of frequencies. Xdenttosll 
logarithmic rrcaler of brightnear temperature have bean used for 
all freqwnciee, but their rehtive height8 ham been sajusted 

(see Beation V). Were t h e  resultr  of other auryBya are ued, 

at 

. bY 

e&e on by an observer 
f i e l d  i a  in8iuateb 
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